As urbanization has accelerated, the form of river and lake systems has changed greatly in cities, which has caused variations in the functioning of the interconnected river system network (IRSN). To quantitatively evaluate the influence of the urbanization process on IRSN, the form index system and function index system were established in this study. The form index system involved eight indexes, and the function index system included 18 indexes. We also used statistical methods to analyze the correlations between the form indexes and the function indexes of the IRSN. Multiple linear regression equations were established between the variations in the IRSN form indexes and the function indexes. Finally, we determined the threshold values of the IRSN form indexes that can meet Zhengzhou City's future development demands for water function. The threshold value for the drainage network density is between 0.32 and 0.33; the threshold value for the node connection rate is between 1.54 and 2; the threshold value for the degree of connectivity between river systems ranges from 0.55 to 0.77; and the threshold value for circuitry of the river ranges from 0.40 to 0.60.
INTRODUCTION
River and lake systems are the fundamental storage places for freshwater resources; as such, they are closely linked with the origins of human civilization. The interconnected river system network (IRSN) is the water channel with a certain functional objective, which was built under the combined influence of nature and humans to maintain the hydraulic connection and material circulation among diffident water bodies (Dou et al. ) and it can directly reflect the continuity of water flow and the connectivity of river systems. However, the rapid acceleration of urbanization and population growth have led to serious changes in the IRSN, which has become a major factor in the deterioration of the environment (Dou et al. ) . As a policy of water resources management, the IRSN strategy has been brought forward by the Chinese government, and this should help meet the demands of future development and water function utilization.
Against this backdrop, studies about IRSN have drawn increasing attention. The definition of IRSN has also been interpreted in many ways. Ward put forward the concept of the degree of connectivity between river systems, and regarded IRSN as an index that could measure the mutual transmission capacity of water resources in a river landscape (Ward ) . Subsequently, the relevant researches were booming in terms of hydrology. The IRSN has also been defined as the flowing efficiency of the runoff moving from the source area to the main stream or the water basin, or as the water-mediated transfer of matter, energy, and/or organisms within or between elements of the hydrologic cycle (Western et al. ; Pringle ) . In bioecology, IRSN is defined as the transformation between substances, energy, and organisms in the hydrosphere or the transformation between elements of the hydrosphere in the water (Lane et al. ) . Other specialists have applied the concept of the degree of connectivity between river systems to landscape ecology, hydrology, topography and other fields. In other words, Bracken provided an overview of how existing research relates to the concept of connectivity in both ecology and hydrology, and proposed a conceptual model of hydrological connectivity (Bracken & Croke ) . Tetzlaff explored the utility of the connectivity concept and explained how it contributed to a more unified and interdisciplinary understanding of the influence of catchment-scale hydrological processes (Tetzlaff et al. ) . Xu conceptualized an interconnected river and lake system network as the hydraulic connection between lakes and rivers established by natural forces or engineering measures (Xu & Pang ) .
Although studies on river system structure are relatively scarce, several researchers have addressed this problem. Figure 1 . Expansion of urban areas has given rise to large changes in the river and lake systems of Zhengzhou City.
MATERIALS AND METHODS

Study area
For instance, some rivers have been completely filled in, and there is a growing trend toward simplification or truncation of rivers. Thus, the form and structure of rivers has changed dramatically, which has aggravated the shortage of water resources in Zhengzhou City.
Framework and methodology
Description of the IRSN form indexes
Currently, methods based in landscape ecology are generally used to describe the form of a river system and indexes which can represent the connectivity between the corridors in landscape ecology are used to characterize the connectivity of river systems (Zhao ; Zhao et al. ) . To describe the morphological pattern of the river system, two aspects should be fully taken into account. One is from the perspective of the river system's own structure, and the other one is based on the state of connection of the river system. Thus, the characteristic form index of the IRSN is classified using structural form indexes and connectional form indexes. In this study, we construct a set of index systems describing the form of river systems (as shown in Table 1 ). The basic information for the indexes in Table 1 can be extracted using the multiple-band method and the decision-tree classification method.
Description of the IRSN function indexes
The various functions of river and lake systems play a leading role in offering a variety of resources and services that support urban development. From the point of natural function, the momentum and relatively stable path of water allows it to transfer material and creates an environment for living creatures. From the point of view of social function, however, the acceleration of urbanization can promote the social values of the river and lake system.
Hence, the function index system of the IRSN presented in this paper includes both natural and social functions.
Illustration of 18 specific indexes is given in Table 2 .
Bivariate correlation analysis of the indexes
In this study, bivariate correlation analysis was conducted using the Statistical Package for the Social Sciences. The recursion formula of the correlation coefficients is given below: as independent variables. Ultimately, the coefficients of the equations which had significant linear correlations were determined using the SPSS software. The equation is given as follows:
where y t is the dependent factor; x t1 , x t2 , … , x tk are the independent variables; u is the random error, which expresses accidental influence by random factors that failed to be observed; k is the number of independent variables. Indexes that reflect the size of the regional water area
Connectional form indexes
Circuitry of the river
Indexes that reflect the exchange capacity of material and energy at each node in the river system Node connection rate NCR NCR ¼ n v Indexes that reflect the connectivity at each node in the river system Degree of connectivity between river systems
Indexes that reflect the connectivity and water transport capacity between river systems a L i is the length of the river; A r is the total area of the region; A w is the area of the water; n is the number of rivers in the region; and v is the number of nodes in the region.
RSI data center. The RSI (Figure 2(b) ) was obtained by applying the multiple-band method to the image (Figure 2(a) ). To create network diagrams of the river system in 1990, 2002, and 2006-2010 (Figure 3 ), the numbers of river systems and nodes between river systems were obtained following the scheme detailed above, and the values for the form indexes were calculated for the entire study area (Table 3) . 
Calculation of the IRSN function indexes
Considering the situation of Zhengzhou City, the eight most adequate indexes as shown in Table 4 were selected to characterize the natural and social function of the IRSN.
Next, the IRSN's function was evaluated based on data for the river and lake system and ecological water quality of Zhengzhou City for different years (1990, 2002 and 2006-2010) Table 4 ). More information on the selected indexes and evaluation results is available in the literature (Jin & Dou ) .
Bivariate correlation analysis of IRSN form indexes and IRSN function indexes
Eight function indexes and eight form indexes were analyzed by bivariate correlation analysis, as shown in Table 5 . BI for CR and DCBR is significant below 0.05. The RNA is related to NCR and CR with a significance level less than 0.01, and with DCBR below 0.05, which indicates that both BI and RNA are affected strongly by the three form indexes (CR, DCBR and NCR). In addition, the bivariate correlation analysis shows that there are high Pearson correlation coefficients between the four function indexes (SRWQ, UWSW, BI, and RNA) and NCR; all relationships have a significance level below 0.01, and the coefficient between RNA and NCR is greatest (0.982).
River bed formation and pollutant levels change constantly due to the transportation of water and sediment, while water flow and river bed formation create a good living environment for creatures, so SRWQ, BI and form indexes of IRSN (SCR, RL, DND, NCR, CR and DCBR)
are more closely connected. At the same time, the navigation benefit is directly related to the connectivity between river system and water transportation capability, so RNA is significantly associated with IRSN form indexes. Besides, river is one of the surface water supply resources in Zhengzhou, so there is a strong correlation between UWSW and SCR. The rest of the function indexes (RWAC, RRCI, HCD, and DFR) correlate poorly with the form indexes, and their significance levels do not pass the significance test. These four indexes are probably related to rainfall, economic activities, the decision-making of the local government, and have little relationship with form indexes.
Determination of the threshold of the IRSN form indexes
According to the correlation analysis results above, multiple linear regression equations for linear correlation indexes which were evaluated by mapping the variation charts through SPSS were established. The significance of the linear equations was tested using SPSS, and then the coefficients of the equations were ascertained (Table 6) .
A multiple linear regression equation was derived from the first line of Table 6 , which takes SRWQ as a dependent variable and SCR, DND, and NCR as independent variables; multiple linear regression equations for BI, UWSW, and RNA were obtained in the same way. The four relationships are expressed as follows: 
There are five independent variables in four equations, which cannot be solved directly. While UWSW is a target value based on the future development of water demand, which can be calculated using data from planning and reports, and the threshold value of SCR was obtained on the basis of historical data. So the threshold value of NCR was calculated by inversely solving Equation (5). The equation is as follows:
Figure 4(a) is drawn based on the interval value of the function index UWSW, the form index SCR and Equation The target values are as follows: the value of SRWQ will reach 80%; the value of BI will exceed 0.65; the value of RNA will exceed 0.10; and the value of UWSW will exceed 49%. Based on Equations (7)- (10) 
